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Dr. Mildvan and co-authors have thoroughly reviewed and documented what is known about
the validation of surrogate markers for use in clinical trials. They have proposed a classification
system based on the usefulness of available immunologic and virological assays as measures of
prognosis, drug activity, and therapeutic efficacy. The latter, a type Il marker in the proposed
classification, should estimate the proportion of treatment effect explained by change in the
marker induced by therapy and, if complete, can substitute for clinical endpoints. HIV clinical
trialists have had a long-standing interest in using surrogates for clinical endpoints to facilitate
conduct of experimental protocols and to decrease the time and effort required to develop new
treatment strategies. The approach outlined in this review by experienced clinicians, biostatisti-
cians, and immunologists provides a framework to evaluate currently available and potential
surrogate markers.

— John P. Phair

One of the major scientific goals in AIDS clini- apparent relationships in HIV infected individ-
cal research is the development of surrogateuals between immunologic and virological
markers that reflect the effects of treatment onparameters and clinical disease. Relatively few
clinical outcomes to the extent that the markersmeasures, however, have been translated into
themselves may substitute for clinical end- practical application as "markers" for use in
points in therapeutic trials. The identification prognostics, therapeutics, vaccine develop-
and validation of effective surrogates, particu- ment, or individualized case management.

larly in early HIV infection, have the potential

not only to expedite the evaluation of new Several explanations could account for this;
AIDS therapies through the use of smaller, salient among these are: (1) the failure to vali-
shorter trials, but also to provide insights into date preliminary observations made in small
underlying pathogenetic elements that shouldcross-sectional ("snapshot”) studies in larger,
be targeted for intervention. Premature accep-better-characterized cohort studies with longi-
tance of surrogates, however, could result intudinal follow-up; (2) obscure (or unknown)

misleading interpretation of data on investiga- relationship of the marker to HIV disease
tional therapies. pathology and lack of specificity for HIV dis-

ease; (3) technical barriers (e.g., difficulties in
Since the earliest days of the HIV/AIDS epi- performing/reproducing the measurements)
demic, numerous studies have addressed théhat have limited broader applicability; and (4)

inherent complexity of the marker validation
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Moreover, despite an extensive literature seanghsing several individual markers, each reflect-
that has enabled evolution of both the framewoirkg different key elements of pathogenesis and
and criteria necessary to define a useful surserving, collectively, as a candidate surrogate for
gate marker [3-5], there has remained a lack @inical endpoints [e.g., 37, 45, 149].
consensus among clinical and basic research
investigators as to the best approach to markgcognizing the need for a coordinated strategy
validation and application. by laboratory investigators, clinicians, and statis-
ticians, we have proposed a paradigm for the
The T-helper (CD4) lymphocyte count repredefinition and validation of immunologic and
sented the first and most widely used laboratoriyological markers for HIV disease [150]. In
measure for assessing the degree of immunodtfis manuscript, the paradigm is presented as a
ciency and risk of clinical disease progression @@mmon platform to expedite the development
HIV-positive individuals [6-28]. However, of laboratory markers for application in a variety
results of clinical trials of antiretroviral drugof clinical interventions.
(e.g., zidovudine and didanosine) have shown
that, despite its value both as a prognosti@plicit in the approach is the requirement to
marker and as an indicator of drug activity, treonduct marker validation studies in the context
CD4 lymphocyte count is a weak Surroga[@f interventions known to confer clinical benefit.
marker: that is, treatment-induced increases Imorder to define the essential host elements that
CD4 lymphocyte counts only partially accourftontribute to clinical benefit in patients with HIV

for the clinical benefit observed in patient§fection, candidate immunologic markers must
receiving antiretroviral therapies [25, 29-32]. be validated in the context of trials of antiretrovi-

rals, i.e., the only drugs whose clinical efficacy
Other biological markers that correlate with disa the treatment of HIV infection has been sub-
ease severity and respond to antiretroviral treatantiated to date. Once validated, the markers
ment include 82-microglobulin, neopteringan, in turn, be used to evaluate new treatments.
cytokines, and HIV p24 core antigen [12 15, 331 addition, if novel interventions such as
72]. More recently, attention has concentraté@imune-based therapies prove efficacious in
on the phenotypic and functional immunologituture clinical-outcome trials, new opportunities
correlates of protection against HIV infectiowill emerge for marker validation studies.
and progression to AIDS [73-139]. In addition,
studies employing sensitive measures for tRdassification System
guantitation of viral burden have identified vir-
ion-associated RNA, detectable in plasma in tA&e following classification system standardizes
majority of HIV-infected persons, as a respomhe approach to validation of biological markers.
sive indicator of antiretroviral drug activity and dhis hierarchical schema can be applied to the
strong predictor of clinical outcome [140-148]. analysis of any candidate marker (virological,
clinical, or immunologic), across stages of HIV
However, in validation studies conducted to datgisease.
no single marker has been shown to explain fully
the varying clinical effects observed with therafype 0: Natural History Marker
peutic interventions, a fact that demonstrates the
need for new indicators or combinations of exis& natural history marker (type 0) is defined as a
ing indicators. Indeed, because of the complexarker of disease severity that reflects underly-
ity posed by HIV disease, definition of ang pathogenetic mechanisms and predicts clini-
composite marker bears consideration: one cooal outcome independent of treatment.
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Type 0 markers are identified as prognostic men and to indicate whether a combination of
longitudinal cohort studies examining the naturreatments is more active than a single treatment.
history of HIV disease, e.g., the Multicenter
AIDS Cohort Study (MACS), Women's Inter-Triple-drug antiretroviral combinations, for
agency HIV Study (WIHS), and Women an@&xample, appeared superior to single drugs and
Infants Transmission Study (WITS). Type @ouble-drug combinations in vitro and have been
markers provide the bio logical plausibility foshown in clinical trials to have superior activity
further developing a candidate marker. with respect to rises in CD4 T-cell counts and

declines in HIV 1 plasma RNA levels [152-
The frequency and magnitude of abnormality d651. In fact, such favorable responses have led
a type 0 marker should correlate with stage wf accelerated licensing for many of the currently
disease. The most important applications of typeailable antiretroviral agents, including the new
0 markers are: (1) for use as baseline stratificdass of highly "active" compounds, HIV 1 pro-
tion variables in clinical trials, differentiatingtease inhibitors. Conversely, absence of type |
individuals at varying degrees of risk for clinicainarker responses, which may be due to an inad-
progression, and (2) as milestones of diseasguate dose or the lack of promising activity
progression for monitoring patients. The beattogether, can accelerate the decision to abort
examples, to date, of type 0 markers as indepéevelopment of a new therapeutic agent. Exam-
dent predictors of risk are the CD4' T-cell coumplies include compounds of historic interest such
and the HIV 1 plasma RNA level; the formeas AL721, the tat protein antagonist Ro 24-7429,
represents a measure of disease severity ondhd, more recently, a highly protein-bound pro-
target organ, the immune system [151], and ttease inhibitor, SC-52151, all of which were dis-
latter, a measure of viral burden as an indicatarded when the examined doses failed to induce
of the activity and extent of infection. viral load declines or CD4+ T-cell count rises in

treated patients [156-158].
Type I: Biological Activity Marker

Type Il: Surrogate Marker of Therapeutic
The next stage in marker development is Hficacy
assess the influence of treatment on a biological

indicator that has already shown potential asT@e ultimate stage in marker development is to
prognostic (type 0) marker. A type | marker igstablish, in the context of an efficacious thera-
defined as one that responds to therapy; the fseutic intervention, the relationship between an
quency and magnitude of the response shoulgrly change in the marker and clinical outcome.
correlate with the degree of therapeutic potengy.type Il marker, either a single marker or com-
Type | marker activity is determined in the corposite of several markers, is defined as one that
text of early phase clinical trials. accounts fully for the efficacy of an agent. That

_ o is, a beneficial effect on the marker signifies a
The most important application of a type dpsequently favorable clinical outcome or, as
marker is in phase /Il trials in infected patientgafined by Prentice, knowledge of the marker

where proof of concept focuses on whether g8jye implies knowledge of the prognosis with
not a new treatment has promising activity, SUgR without treatment [5].

as whether or not it displays antiretroviral,

immunomodulatory, or antiproliferative effectsdeally, type Il markers represent "complete"
on the appropriate marker to indicate such actdirrogates of clinical outcome; their most impor-
ity. The degree of response of a type | markgint application is as substitutes for clinical end-
can be used to estimate an optimal dosing regbints in phase I/l efficacy studies. The extent
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to which a candidate type Il marker explains afifect on clinical outcomes that the marker must
observed clinical benefit of therapy in a corexplain will be reduced by such changes.

trolled trial can be modeled, and an estimation of

the proportion of treatment effect explaine@lthough accumulating evidence suggests that
(PTE), together with its standard error, can bV 1 RNA may explain a substantial propor-
used to evaluate type Il surrogacy [159, 160]. ton of the treatment benefit seen with antiretro-

PTE value of 1 represents the ideal. viral therapy, confirmation will require that the
above factors be taken into account in future

Although there is general agreement on the meaitalyses.

of the PTE approach, its interpretation requires

an understanding of underlying mechanisms bfarker Validation

disease and drug action: a value of PTE near 1

implies that the marker is a good surrogate onlyie marker validation process begins with the

if it is known that the drug operates primarilgevelopment of a hypothesis about pathogenesis

through its action on the marker and that ti@ad is completed with the establishment of the

marker measures gquantities that play a centra@rker's role and applicability in clinical trials.

role in the causal pathway of AIDS. Values dfhe initial scientific rationale for developing a

PTE spuriously close to 1 can arise, for examplgarker is often based on the documentation of

when the agent has harmful or toxic effects tha apparent relationship to HIV infection, dis-

increase rates of clinical progression but that s&#ase stage, or a concept of underlying disease

not mediated through the marker [160]. mechanisms. Initial studies are frequently
descriptive in nature and cross-sectional in

Another important issue in the interpretation aefesign. The validation process should then fol-

the PTE is the extent to which the actual treadw a step wise approach, carefully matching the

ment status of patients at the time the markenype of marker with the appropriate retrospective

measured corresponds to the treatment statuprospective study design.

later, when the clinical endpoints are measured.

While the standard intent-to-treat analysis prdype O

vides a valid estimate of the clinical effects of

randomization in a comparative treatment trial,Matural history (prognostic) markers are vali-

becomes problematic in the analysis of surrdated by demonstration of a strong relationship

gacy, particularly so in long-term trials such dsetween the frequency and magnitude of the

in patients with HIV infection. marker abnormality at baseline and eventual
clinical outcome in a longitudinal study. Epide-

If one is investigating the efficacy of a short-termiological cohort studies such as the MACS,

change in a marker while estimating a clinicgy/|HS, and WITS offer the potential for long-

effect that occurs much later and includes subserm follow-up and confirmation of clinical

quent treatment changes (e.g., crossovers to reglents. The placebo arms in the original con-

mens other than the original treatmeniolled trials of antiretroviral agents offered yet

assignment on which the marker was measureélother opportunity for longitudinal follow-up,
including no treatment at all, because of discogtbeit usually of shorter duration.

tinuation or the loss of drug action through the

development of viral resistance i.e., an intent-tbarkers requiring real-time determinations or

treat regimen), then the PTE can be spurioustgsh samples (e.g., delayed-type hypersensitiv-
increased to a value near 1 or even greater ifyp cell function assays, and immunopheno-

fact, to any value) because the net treatmeypes) must be incorporated into the study
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design at the outset. An important factor is thdélayed-initiation-of-therapy designs can also
cohort studies usually establish and maintagmable successful validation of type | markers.
extensive specimen repositories, which permit

delayed or retrospective marker analyses foype Il

those marker assays not requiring fresh speci-

mens (e.g., soluble immune activation markefsmarker validated as type O and type | is next
such as 02-microglobulin, neopterin, and cytokalidated as a type Il or surrogate marker of ther-
ines; plasma or serum HIV 1 RNA quantitationppeutic efficacy in the context of studies that
Such cohort studies represent enormously vatiemonstrate positive clinical treatment effects,
able resources, since the combined accessl.@o positive outcome trials. The ideal study is a
both longitudinal clinical data and patients' spephase Il/lll trial that has identified a large differ-
imens offers the potential to validate new cand#nce in clinical outcome between treatment arms
date natural-history markers years after a studgd in which, as outlined above, little or no
has been conducted, as was accomplished dwange has taken place in the treatment regimens
Mellors and colleagues for plasma RNA leveRver time and little dropout has occurred, such

[143]. that an early change in marker values can be rea-
sonably interpreted to predict or, in fact, mediate
Type | a subsequent treatment effect.

New biological activity (type I) markers are valiln addition, validation of candidate type Il mark-
dated in controlled phase /Il clinical trials€rs requires cross-study analyses for the reasons
where it can be demonstrated that an active intéat (1) a marker may be useful at one stage of
vention favorably affects the marker, a leslisease but not another; (2) a marker may be
active agent or a lower dose has reduced eff@fplicable to one type of treatment but not
and a placebo results in no significant effect @mother (e.g., antiretrovirals vs. immunomodula-
the marker at all (i.e., a dose-response relatid@rs); and, significantly, (3) conditions that affect
ship can be demonstrated). Previously validatét®® PTE analysis will differ from one trial to
type | markers (e.g., HIV p24 antigen and CDanother. Results that are consistent across stud-
lymphocytes) provide useful comparison€s are more believable and allow for greater

against which new candidates may be evaluat@@nfidence when utilizing the marker as a surro-
gate for clinical endpoints in efficacy trials.

Because of its sensitivity, precision, and applica-

bility to stored samples, HIV 1 plasma RNA, a§ particular, PTE values consistently near 1

detected by increasingly sophisticated molecul@@ross studies of treatments with different toxici-

techniques, represents the current stand&ifs and mechanisms of action provide much
against which new type | activity markers will b&tronger evidence of surrogacy than could results
measured. Optimally, placebo-controlled triaf§om any single study. Operationally, the PTE

afford the greatest opportunity for type | markaglue can be estimated by several different tech-
development. However, in settings where plgiques [25, 29-32, 145, 159, 160], and type II

cebo controls are not possible, early- versirkers can be validated in either retrospective
or prospective studies, each having its advan-

tages and limitations.
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Retrospective Validation Studies in Prospective Phase I1/111 Studies of
Which Clinical Data Preexist Clinical Efficacy

If the marker(s) of interest were measured bDesigning prospective phase /11l trials for the

not analyzed during the course of a trial or camvestigation of type Il markers offers the oppor-

be assayed on samples collected and stored dumity to (1) evaluate candidate markers that
ing the study, completed positive outcome triatequire real-time testing, (2) target a specific
represent important resources for the logical ngxdtient population or category of intervention,

step in the type Il marker validation process. dnd (3) optimize specimen quality assurance.
is important, however, to recognize the limitaFhe incorporation of optimized specimen collec-
tions of retrospective marker validation studiespn and storage methods into the protocol
especially the constraint imposed by whether sinould permit the greatest flexibility and yield

not the requisite data and/or laboratory speéor future marker development should a signifi-
mens were collected and appropriately storeent difference in treatment outcome occur in the
during the study. trial.

In many instances, the study may not have bdanpractical terms, for example, immunopheno-
optimally designed to permit marker validatiortypic and functional assays usually need to be
for example: (1) an inadequate number eWaluated in both real-time and on frozen stored
patients’ samples may be available; (2) specells in order to assess the applicability of these
mens may have been stored only from a subassays to large multicenter trials. Optimally, the
of patients that proves not to be representativecoimparisons should be made in trials that have a
the larger study population with respect to badeigh likelihood of showing important differences
line characteristics, treatment assignment, ior clinical outcome; for example, the inclusion
clinical outcomes; or (3) the sub sample may bé a placebo control, where appropriate, could
too small to permit a meaningful analysis. limcrease the chances for a positive outcome.
selecting retrospective studies for investigation

of candidate markers, distinction should be mag the other hand, it should not be overlooked
between specimen banks derived from positiﬂ@at negative outcome studies are essentially nat-

phase II/lll trials and those derived from phaseural-history studies in carefully selected and
Il trials. homogeneously treated populations and can

therefore be used to contribute excellent type 0
The former represent the limited and invaluabtearker information. Real-time marker determi-
resource required for validation of type Il surraaations can be costly and labor intensive and
gates of clinical efficacy and should be reservéterefore should be reserved for those markers
for that purpose and not to define type | markethat can be measured only during the course of
Table 1 lists selected positive-outcome trials tbe study, such as with in vivo tests (e.g., delayed
which the authors have access that are currertjypersensitivity skin test reactivity) or labora-
supporting type Il marker validation studiedory tests for labile markers (e.g., CD38. relative
Note that these are limited to soluble markefisiorescence intensity), and for which compel-
measured in either frozen plasma or seruimg type O and type | data have been accumu-
which were the only specimens stored during theed.

trials and available for subsequent study.
It is also important to emphasize that although a

marker may be validated according to the
schema presented above, limitations are imposed
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by the context (study) in which the validatiofractors taken into account in rating the markers
takes place. A marker validated with an antiraticlude degree of substantiation (number of
roviral intervention in HIV-infected adults mayreports, size of the data base, and reproducibility
not be applicable in HIV-infected childrenof findings), responsiveness of the marker to
Likewise, a marker validated for antiretroviralreatment, and applicability across disease
interventions may not prove suitable for immuwstages. (Note that the p24 rating should be con-
norestorative interventions. A marker may b®&dered relatively reduced in comparison with
validated as type O or type | (e.g., CD4 and p24hat of RNA, on the basis of the sensitivity of
but it may not be as useful as a type Il marker.available assays and prevalence in the target
population; p24 antigen, unlike RNA, is detect-
In addition to age and type of intervention, otheible in only a minority of patients.)
factors that may influence marker applicability
include risk group, stage of disease, and geogvehile many of these studies have led to signifi-
phy [23, 24, 28, 44 47, 51, 66, 70, 74-78, 8Bant insights into pathogenesis and pointed to
128, 168]. Virological factors, such as HI\hew directions for therapy, it is hoped that the
strain, phenotype, and localization of measungroposed systematic and streamlined approach
ment (peripheral blood, lymphatic tissue, CN$ marker validation will further serve to sharpen
etc.), are also likely to be important determinantse focus of new investigations and hasten the
[83, 86, 91, 148, 163, 169-181]. Thus, there isappropriate use of surrogate endpoints in HIV/
need for multidimensional validation of markerAIDS clinical trials.
across populations and across studies, before
they may be incorporated with confidence in#@lthough the impetus for developing the present
AIDS clinical trials as substitutes for clinicaparadigm was originally based on the need to
endpoints. expedite clinical trials involving patients with
HIV infection, it should be noted, in conclusion,
Current Validation Status of Frequently  that the schema may also find potential applica-
Measured Markers tion in other clinical settings in which the identi-
fication of biological markers is required to

In Table 2, we have categorized commongxplore fundamental disease mechanisms and to
assayed markers in antiretroviral trials accordif§celerate the development of novel therapies.

to the hierarchical schema presented herein

(types O, 1, and 1), based on critical analysis dicknowledgments

published literature, including several excellent

review articles [13, 144, 182-184]. The tapl&he authors thank_members of the Surrogate
serves to illustrate the lack of consistent repofflarkers Subcommittee of the Immunology/
ing of results, lack of head-to-head comparisof§mune-Based Therapy Research Agenda Com-
of markers, the paucity of validated type [nittee, AIDS Clinical Trials Group, for their

markers, and the limited availability of type pelpful discussions and gratefully acknowledge
markers. the assistance of Channa Comer-Leonard with

manuscript preparation.
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Table 1. Validation of Type Il Markers: Key Positive-Outcome Studies

HIV disease stage Trial Treatment effectiveMarkers under retro- Reference(s)
(relative hazard) spective study

Advanced BWO02 <0.1, ZDV vs. BMI, IFN, TG, %/ [6, 7, 55]
placebo neopterin, RNA

Advanced ACTG 114/N3300 0.84,* ZDV vs. ddC BMI, cytokineg, 3 [161]

neopterin, RNA

Advanced ACTG 116b/117  0.72, ZDV vs. ddl /neopterin, IFN/TG, [146, 162, 163]
(500mg/d); 0.91,  STNFR, IL6, RNA,
ZDV vs. ddl viral resistance, viral
(750mg/d) phenotype

Intermediate ACTG 016 0.48, ZDV vs. [3,/neopterin, sCD4/8, [8, 164]
placebo sIL2R, ICDp24

Intermediate ACTG 019 0.53, ZDV vs. [3,/neopterin [9, 50]
placebo

Intermediate ACTG 175 0.70, ZDV vs. ddl, R,/neopterin, sSTNFR, [148, 165]
ZDV/ddl, ZDV/ddC RNA, viral phenotype

Early ACTG 076 0.33, ZDV vs. RNA [166, 167]
placebot

NOTE: ACTG = AIDS Clinical Trials Group;J%= 3-microglobulin; BMI = body mass index; BW = Burroughs Wellcome; ddC =
zalcitabine; ddl = didanosine; ICDp24 = immune complex-dissociated p24; IFN = endogenous interferon; IL6 = interleukin 6;
sCD4/8 = soluble CD4/8; sIL2R = soluble interleukin 2 receptor; STNFR = soluble TNF-_ receptors; TG = serum triglycerides;
ZDV = zidovudine

* = Ratio of proportion of progressors (relative hazard unavailable)

T = Ratio of proportion of infected children
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Table 2. Current Validation Status of Frequently Measured Markers

Surrogate marker category

Markers Type O Type | Type Il Reference

Immunophenotypic

CD4 (no.), CD4 (%) ++ ++ + [6-32, 35, 46, 47, 50, 70, 76,
98, 149, 153]

CD8 (no.), CD8 (%) + + ? [11-14, 16, 20, 22, 23, 40,
50, 73-80, 122, 123]

Activation (CD8/CD38) + + ? [38, 78, 81-88, 93, 122, 123]

Memory/naive + + ? [38, 49, 82-85, 87-90, 93]

(CD45RA/CD45R0)

Function (CD28) + ? ? [75, 83, 88, 91-93]

Immune functional

LPA + ? ? [89, 94-97, 122]

Inducible cytokines + ? ? [36, 75, 98-100, 122]

Natural Killer cell activity ? ? ? [101-104]

CTL + ? ? [105-114]

CD8 antiviral activity + ? ? [115-121]

Apoptosis ? ? ? [124-126]

VIR repertoire + ? ? [86, 127, 128]

Soluble immune

[3,/neopterin ++ ++ + [12, 14-16, 33-50, 53, 54, 60,
61, 75, 76, 135, 145, 149,
153, 168]

Cytokines/receptors + + ? [37-39, 43, 50-66]

Chemokines/receptors + ? ? [129-134]

In vivo

DTH + + ? [6, 49, 98, 135-139]

Viral

p24 antigen ++ ++ -- [12, 33, 37, 39, 50, 56, 60,
61, 67-72, 135, 156, 157,
164]

RNA ++ ++ ++* [65, 88, 128, 140-148, 153-
155, 158, 167]

S| phenotype ++ ? ? [83, 148, 163, 169-175]

NOTE: CTL=cytotoxic T-lymphocyte activity; DTH=delayed type hypersensitivity; LPA=lymphoproliferative activity; Sl=syncy-

tium-inducing; ++=useful; +=possibly useful; --=not useful; ?=limited data available.

*Pending confirmation of preliminary promising evidence
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